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Abstract 
In this study, model and evaluation of WebCoach which works as new approach for LCMS is going to be presented. It is a web 
based tutoring system which uses knowledge management techniques to convert the tacit knowledge of experienced lecturers and 
experts into explicit knowledge. The instructional contents, quizzes and assessments, glossary of terms for information security 
course were prepared, compiled and organized by this tutoring system. They can be used and reused as learning objects to 
support learning. A comparison of WebCoach and other LCMS is given. A conceptual extension model is also presented with 
contributions such as PLE as a Learning object and Cloud Computing integration. It has been applied at Istanbul Commerce 
University within the information security course. Course grades and student questionnaires for two groups of undergraduate 
computer engineering students were analyzed in the scope of this study. The control group did not have access to WebCoach, 
while the same course was taught via WebCoach in the experimental group. The teaching methodology of the control group was 
based on classical narrative model. It was observed that the students using WebCoach have achieved better results in quantitative 
test when compared to the control group students. Moreover, 86% of the students’ opinions were satisfied with the WebCoach 
system. 
© 2013 The Authors Published by Elsevier Ltd. All rights reserved 
Selection and peer review under the responsibility of Prof. Dr. Servet Bayram 
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1. Introduction 
Definition of classical web based education systems (WBES) can be taken as an example from (Merlot, 2012) in 
which students study the contents of the course using their course books, together with the assistance of visual 
multimedia and simulation/animation items. In many studies it has been indicated that (O’Dell & Grayson, 1998; 
Faust, 2007; Perrott 2007; Grundspendiks, (2005); Satyadas et al. 2001; Bender & Longmuss, 2003;Cano et al., 
2006) using knowledge management techniques (KM), which fundamentally consist of tacit and explicit knowledge 
capturing, organizing and storing, helps to achieve goals in a shorter time, the level of understanding is increased, 
the problems are solved efficiently and right decisions are taken in many fields. In number of studies it is 
emphasized that KM to be used as a tool or concept in education (Cano et al., 2006). Motivation of this study was to 
implement such a platform to collect and deliver tacit and explicit knowledge of information security called 
WebCoach. Apart from other studies, the WebCoach model not only helps codifying tacit knowledge to explicit 
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knowledge, but also serves as a learning object to be used in the construction of other online WebCoach education 
systems. WebCoach has an environment similar to Distributed Interactive Learning (DIL). DIL, in brief, is a type of 
web based education environment based on structured hypertext navigation, rather than just delivering linear 
learning materials such as Word files and presentation files (Khalifa & Lam, 2002). In the conducted study, 
information is either explicit knowledge or codified tacit knowledge accessed as hypertext navigation. In addition to 
DIL environment, it supports multimedia formatted documents such as image files, audio files, video files and 
presentation files. Moreover, WebCoach is based on a flexible framework that provides the instructors with many 
opportunities in designing the courses by using shared, reusable learning objects. Learning objects developed by an 
institution can be shared with another institution, thus they can provide high quality courses to every student. Expert 
instructors at each institution maintain a repository of learning objects. This will make the course structure more 
flexible and its design less costly. Information security course is one of the fields of computer engineering discipline 
that has been studied and is being taught according to traditional education approaches. The content of this course 
changes frequently due to the advent of the new technologies. Information security education is dynamic, 
consistently updated and mostly based on the intellectual reserves of the experts.  It also comprises a lot of tacit 
knowledge. The WebCoach model has been developed to meet the requirements of a system through which the 
information security course can be given to both students and teachers online.  
2. WebCoach Model  
The developed WebCoach model provides an integrated online environment for administration of students and 
teachers, enrolment, course setup, content creation and organization, online communication, online student 
assessment and monitoring of student performance. It involves a reusable learning object and learning object 
repository to ease the compilation of the content. Taking into account these features, we can say that the model 
operates as LCMS. But as an on-going project that has its own content compiling and forming environment, 
WebCoach cannot support all of the e-learning features yet. WebCoach has been developed to fulfill concept of 
scalability, accessibility, reusability except for the characteristics of interoperability which can be seen better in 
comparison table at Appendix A. Figure 1(a) shows the architecture of WebCoach system. WebCoach users defined 
as student, instructor and system administrator. Dictionary base is designed to help students to look up technical 
words with a double click anytime. Evaluation base includes questions and decision base, Reporting is used to 
supply feedback to students/instructors about their success and weak points.  
Figure 1 (a) WebCoach System Architecture (b) Break down of Knowledge Base  and Evaluation Base regarding tacit and explicit knowledge 
organizations 
2.1. Knowledge Base 
Knowledge base is a database where the knowledge is collected in an electronic environment and shows how to 
present explicit and tacit knowledge. The main principle to follow is that the explanatory sentences should be 
selected from knowledge base. The selected sentences should also be motivating and encouraging rather than simple 
ones. Figure 1(b) shows the way knowledge is organized including the aim, main steps, tasks and risks. The 
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significant sections of the knowledge base are defined as Aim, Main Steps, Tasks and Risks (Kasapbasi & Varol, 
2009).  
2.2. WebCoach Extension Model  
In spite of the fact that this extension model hasn’t been completely developed, since it has contributions, it is 
presented in this chapter. This model is designed to be on the top of WebCoach model and heavily use of PLE as 
shown in Fig 2. A personal learning environment (PLE) is a learner centered environment in which person is 
involved in the part of the learning process by means of embedded tools, services/ web services, content. Therefore 
as well as Web 2.0, social networks will also be the irrevocable components of the offered model. Moreover,  social 
networks offer the opportunity to distribute information, create dialogue with groups, and employ applications to 
participate directly in and deliver information in new ways. Cloud computing is getting more interesting in the field 
of e-learning agenda Because it lowers the costs of education IT infrastructure, with manageable and higher 
computing level QoS can be guaranteed, and flexible for sharing documents (Masud et al. , 2012). 
Figure 2 WebCoach Extension Model 
Integration module: The role of the integration module is to act as a connection base to external personal and 
instructional resources. Integration module has sub modules which are designed to integrate with social networks, 
wiki pages, RSS feeds, and blogs for generic web service integration.  
The Contribution of this Extension model is PLE Learning Object. Any user of the system can reuse another 
person’s or default PLE Learning object as his/her default integration environment. S/he can customize his/her 
environment and save as PLE Learning Object to be reused later.  
Another contribution of this new model is, all the application layer is going to be kept in a cloud education 
ecosystem so that such system could be reliable, flexible, cost-efficient, self regulated, and QoS-guaranteed (Masud 
et al., 2012; Dong B. et al., 2009). Since the latest form of the model which is described in this section is not 
implemented yet and rest of this study is related with the core WebCoach model. 
3. Design and Evaluation of the Model 
In classic WBES, the content of a subject is given as simple text with multimedia files supported with animations 
or simulations. However, WebCoach presents the information derived from the codification of tacit knowledge, such 
as the meaning of the problems that can arise during the education process, how to solve them, the reasons for them, 
and what should be done to avoid these kinds of difficulties and problems. To understand how well students 
responded to the WebCoach our methodology was to conduct an experiment with two groups and analyze results 
with questionnaires. 
Two groups of undergraduate computer engineering students participated in the information security course at 
Istanbul Commerce University. Control group was composed of 79 students enrolled in the course and did not have 
access to WebCoach, while the experimental group contained 34 student enrolled in the course and taught the course 
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on the basis of WebCoach. Course grades and student questionnaires of both control and experimental group were 
analyzed. At the end of the semester the experimental group students participated in a 5-point Likert-type scale 
questionnaire. Student opinions about WebCoach system are shown  in Appendix B. The questionnaires are 
designed by the researcher to understand and clarify the students’ opinions about the system. 
Examining the answers of the students, it was observed that WebCoach achieved an 86% positive response. The 
questionnaire given in Appendix C was applied to the control group that attained the classical education. The results 
of the Cronbach reliability analysis are shown in Table 1. 
Table 1 Reliability Tests 
Questionnaires Cronbach (alpha) Standardized 
Experimental Group - 34 students 0,9419 0,9452 
Control Group -  79 students 0,8560 0,8624 
From questionnaire given in Appendix B, average of the Question 11, 13 and 15 was 4.18 out of 5 which shows 
that students found the guidance of WebCoach adequate and by simply following its guidance, they could achieve 
their aims. The average of questions 6, 11, 4 and 9 was 4.2 out of 5 which were asked to evaluate if the students 
achieved education aims on their own using developed model. This also indicates students believed they could 
achieve on their own and model could lead them to success.  Average of question 16, 17 and 18 is 4.48 out of 5 
which shows the opinion of the students about the ease of use the developed model. After the experimental 
education an exam is carried out the average of the correct answers is 30.7 out of 46 questions. 
To compare and evaluate the developed model, a narrative method was chosen as classical education method 
with 79 students from the Department of Computer Engineering, Engineering Faculty of Istanbul Commerce 
University. At the end of these classic educations students were given the questionnaire in Appendix C to ascertain 
their opinion. From this questionnaire it could be deducted that students do not feel confident about implementing 
information security related subjects. The very same exam was given to control group. The average of the correct 
answers for the control group was 21.1 out of 46 which is an indication of more successful experimental model. 
4. CONCLUSION 
In this study, information security educational courses were given to two groups of students in which, one group 
has used WebCoach and respectively classic education method. The opinions of the students on these methods were 
obtained through the use of questionnaires. In order to quantitatively describe the level of understanding the same 
exam is presented to both groups. The compiled results from questionnaires, exams and exercises, concluded that 
the education of the students who used WebCoach was more efficient than the classic education. Moreover in this 
study The conceptual WebCoach extension model is presented which has new contributions such as PLE as 
Learning Object. 
This system is an educational technology application that incorporates the use of tacit knowledge of different 
subjects into education. Apart from being an educational instrument for the transfer of information, the WebCoach 
system is also a system that ensures the transfer of special skills, perception abilities and experience. It is understood 
that compared with classic education, students are more successful in an education that is supported by the 
WebCoach system. 
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Appendix A. Comparison Table 
 Classical VLE LMS compatible to E-learning 
Standards (SCORM, AICC etc) 
WebCoach 
Content Preparation Responsible Tutor Responsible Tutor Responsible Tutor 
Content Management Responsible Tutor External Software WebCoach Model 
Evaluation None  Yes Yes 
Feedback None Yes Yes 
Reporting  None Yes Yes 
Webcoach Learning Object None None Yes 
Learning Object None Yes Yes 
Group Work None Yes Yes 
Commercial None Yes / Open Source None 
Pre Test None Yes None 
Suitable for Mobile Application None Yes None 
Forum/Chat None Yes Flexible 
File Upload None Yes Yes 
Tacit Knowledge Organization None None Yes 
Interoperability None Yes None 
Reusability None Yes Yes 
Manageability  None Yes Yes 
Accessibility Yes Yes Yes 
Scalability  None Yes Yes 
Durability None Yes Not yet 
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Appendix B. WebCoach Questionnaire and Distribution % 
 Rate  of agreement % 
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Questions 1 2 3 4 5 
Q1-I have learnt the basic steps essential to build a secure wireless local area networks by 
using the WebCoach.  0 0 18,2 36,4 45,5 
Q2-The interface of the WebCoach guides me in the technical issues.  I can attain the 
required objects by myself through this guidance. 0 0 5,9 41,2 52,9 
Q3-I can decide which task to carry for each necessary step by following the system. 0 0 5,9 29,4 64,7 
Q4- When I need to repeat the task, I would like to follow the steps in WebCoach. 2,9 0 8,8 35,3 52,9 
Q5- If another subject is explained again by the WebCoach model, I can easily follow it. 0 0 5,9 50,0 44,1 
Q6- I can comprehend the subject of wireless local area networks security by following 
WebCoach without needing anyone else’s help. 0 2,9 29,4 44,1 23,5 
Q7- What I have learned by WebCoach shows that I can easily learn the subjects that seem 
difficult. 0 0 17,6 50,0 32,4 
Q8- Would you like to practice what you have learnt here soon? 0 0 5,9 20,6 73,5 
Q9- I believe that my knowledge on IT security has increased thanks to WebCoach. 0 2,9 2,9 26,5 67,6 
Q10- WebCoach makes it easy to apprehend the technical concepts. 0 0 11,8 52,9 35,3 
Q11.The interface of the WebCoach guides me in the technical issues.  I can attain the 
required objects by myself through this guidance. 0 2,9 20,6 58,8 17,6 
Q13- It is easy to understand the content with the guidance in the software. 2,9 0 11,8 41,2 44,1 
Q14-With this software, the difficult subjects in others courses can become easy to grasp. 0 2,9 17,6 38,2 41,2 
Q15- By using WebCoach; it is easy to put into practice the theoretical information in detail 0 0 11,8 34,2 55,9 
Q16- WebCoach is a very easy-to-use software.  0 0 2,9 38,2 58,8 
Q17-Following the guidance in WebCoach makes it easy to understand. 0 0 15,2 36,4 45,5 
Q18-It is easy to follow the information given in the parts of WebCoach. 0 5,9 0 44,1 50,0 
Q19-At which levels can this program, be used at practical courses? 0 5,9 5,9 47,1 41,2 
Q20-I believe it would be useful if this system is applied to other subjects as well. 0 0 5,9 38,2 55,9 
Q21- I think I can use WebCoach for other subjects under IT security. 0 5,9 8,8 41,2 44,2 
Q22-I think it is a reference source that can be used in lab courses. 0 0 8,8 35,3 55,9 
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Appendix C. Classical Education Questionnaire and Distribution % 
  Rate  of agreement % 
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 Questions 1 2 3 4 5 
Q1 
I have learnt the basic steps essential to build a secure wireless local area networks 
in the course. 3 9,1 18,2 51,4 18,2 
Q2 
I can decide which task to carry for each step in wireless local area network 
security by following course notes. 3 9,1 15,2 54,5 18,2 
Q3 If another subject is explained again by course, I can easily follow it. 3 - 18,2 63,6 15,2 
Q4 I believe that 100% security can be guaranteed by what is explained in the course. 18,2 21,2 24,2 27,3 9,1 
Q5 I can take security precautions without facing any problem. 3 12,1 48,5 33,3 3 
Q6 I don’t face any problem after I’ve secured the system.  3 27,3 42,4 21,2 6,1 
Q7 Before I face a problem I can figure out understand what might be the reason.  6,1 36,4 39,4 15,2 3,0 
Q8 If I face any problem I can deal with it with via course notes. - 21,2 36,4 39,4 3,0 
Q9 Without consulting anybody I can solve the problems with course notes. 3 24,2 33,3 33,3 6,1 
Q10 I believe that my knowledge on IT security increased thanks to course. 6,3 9,4 3,1 56,3 25,0 
Q11 Narration and the course make it easy to apprehend the technical concepts. 3,0 9,1 6,1 60,6 21,2 
Q12 Any information that reflects problems as risks would be  useful.  3,0 9,1 6,1 63,6 21,2 
Q13 Information submitted about the reasons of risks would be useful.  6,1 - 12,1 63,6 18,2 
Q14 Information submitted about precautions against these reasons would be useful. 6,1 - 9,1 69,7 15,2 
Q15 
It would be useful if there had been information about what to do in case of panic 
(when there is an existing risk).  9,1 3 3 66,7 18,2 
Q16 
It would be useful to explain the points separately where people had done more 
mistakes and understood wrong. 6,1 6,1 12,1 48,5 27,3 
Q17 
It would be useful if the content of the course had been prepared not only by a 
teacher but also by an expert group.  3,0 12,1 24,2 51,5 9,1 
Q18 
It would be more efficient if the content of the course had been given step by step 
(deduction)  instead of at once. 9,1 6,1 15,2 60,6 9,1 
 
